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. . _A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) OR THIRTY (30) DAYS, 
WHICHEVER IS LONGER; FROM THE MAILING DATE OE THIS COMMUNICATION. 

- Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed 
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Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1.704(b). 

Status 

I )E3 Responsive to communication(s) filed on 12 December 2003 . 
2a)D This action is FINAL. 2b)K This action is non-final. 

3) D Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 CD. 11, 453 O.G. 213. 

Disposition of Claims 

4) (3 Claim(s) 1-20 is/are pending in the application. 

4a) Of the above claim(s) is/are withdrawn from consideration. 

5) E3 Ciaim(s) 11-18 is/are allowed. 

6) KI Claim(s) 1-10,19 and 20 is/are rejected. 

7) D Claim(s) is/are objected to. 

8) D Claim(s) are subject to restriction and/or election requirement. 

Application Papers 

9) D The specification is objected to by the Examiner. 

10)KI The drawing(s) filed on 1 2 December 2003 is/are: a)M accepted or b)D objected to by the Examiner. 
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1 .85(a). 
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d). 

I I )□ The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-1 52. 

Priority under 35 U.S.C. § 119 
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1 Certified copies of the priority documents have been received. 

2. Q Certified copies of the priority documents have been received in Application No. . 

3. D Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17.2(a)). 
* See the attached detailed Office action for a list of the certified copies not received. 
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DETAILED ACTION 
Claim Rejections - 35 USC §112 

1 . The following is a quotation of the second paragraph of 35 U.S.C. 1 12: 

The specification shall conclude with one or more claims particularly pointing out and distinctly 
claiming the subject matter which the applicant regards as his invention. 

Claims 19 and 20 are rejected under 35 U.S.C. 112, second paragraph, as being 
indefinite for failing to particularly point out and distinctly claim the subject matter which 
applicant regards as the invention. 

Claims 19 is indefinite because the elements which comprise the claimed 
microlens, and their positions relative to each other, are unclear. Specifically, claim 19 
is drawn to a microlens comprising a thin film material on a substrate, a photoresist 
pattern, a thin-film structure formed by etching the thin film, and a lens comprising the 
thin film structure ref lowed. However, it is not clear how the microlens can comprise the 
thin film if the thin film has been etched to convert it into a thin film structure, and it is 
not clear how the microlens can comprise the thin-film structure if the thin-film structure 
has been reflowed to convert it into a lens. Additionally, the location of the photoresist 
relative to the lens is unclear. 

Base upon a comparison to the method of claim 1 , it appears that claim 19 is not 
drawn to the microlens only, but to a combination of each intermediate structure 
produced at the end of every step of the method, in addition to the finally produced 
microlens. 

Similarly, claim 20 is indefinite because the elements which comprise the claimed 
optical module, and their positions relative to each other, are unclear. Likewise, claim 
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20 appears to comprise a combination of each intermediate structure produced at the 
end. of every, method step of claim 1 1 , in addition to finally produced optical module. 

Claim Rejections - 35 USC § 102 

2. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 
form the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(b) the invention was patented or described in a printed publication in this or a foreign country or in public 
use or on sale in this country, more than one year prior to the date of application for patent in the United 
States. 

Claims 1-10 and 19 are rejected under 35 U.S.C. 102(b) as being anticipated by 
JP 6-326285 (JP '285). JP '285 discloses a method for manufacturing microlenses 
comprising the steps of forming a doped silicate glass film on a silicon substrate having 
a silicon oxide film thereon, the doped silicate glass comprising boro phospho silicate 
glass with about 6% phosphorus and about 4% boron; masking the doped silicate glass 
film with a photoresist; using the photoresist as a mask to etch the doped silicate glass 
film; and reflowing the doped silicate glass film, for example at 900 C for 30 minutes, to 
Jprm a group of microlenses. See the abstract; paragraphs [0013] to [0020] of the 
computer-generated translation; and Figures 1-9. 

3. Claims 1, 2, 5-10 and 19 are rejected under 35 U.S.C. 102(b) as being 
anticipated by US 5,846,694 to Strand et al. (Strand). Strand discloses a method for 
fabricating a spherical ball lens comprising the steps of depositing a doped silica 
material on a substrate, depositing and patterning a resist material to form pattern 
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masks, etching the doped silica material to form precursors, and applying heat to reflow 
the precursors to form near-circular cross sectional lenses. See the abstract; column 5, 
lines 13-29; and Figures 5A-H. 

Claim Rejections - 35 USC § 103 

4. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the Invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

Claims 1-10 and 19 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over US 5,064,266 to Sun et al. (Sun) in view of US 5,846,694 to Strand et al. (Strand). 
Sun discloses a method of forming circular channel waveguides and lenses comprising 
the steps of patterning a long rectangular waveguide and a short block waveguide on a 
substrate, the waveguides comprising a cladding layer and core layer, the core layer 
comprising Si0 2 and one or more dopents such as Ge0 2 , B 2 0 3 and P2O5; and heating 
the waveguides to simultaneously form the channel waveguides and monolithic lenses 
having circular cross section shapes. See the abstract; column 3, lines 17-58; column 
4, lines 28-39; column 5, lines 22 to 66; and Figures 3A, 3B, 4A, 4B and 5. However, 
Sun does not teach patterning the waveguides by forming a photoresist pattern, and 
etching the structure using the photoresist pattern. 

Strand discloses method for patterning a waveguide material comprising the 
steps of depositing a resist material on a waveguide material, removing unwanted 
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excess resist material to form a pattern mask, and etching the waveguide material. See 
the abstract and column 56-61 . It would have been obvious to one skilled in the 
requisite art to utilize a resist material and an etching step, as taught by Strand, to 
pattern the waveguides in the process of Sun because it is taught that etching through a 
pattern mask formed from a resist is an art-recognized method for patterning waveguide 
materials. 

Allowable Subject Matter 

5. Claims 11-18 are allowed because in a method of fabricating an optical module 
having a micro-lens integrated therein as set forth in claim 1 1 , the prior art does not 
teach or suggest the step (d) of forming a thin-film structure in a lens forming area by 
selectively removing the upper cladding layer in an area other that the area of the PLC 
and the lens forming area, nor does the prior art teach or suggest an optical module 
having such a structure. 

6. Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to John A. McPherson whose telephone number is (571) 
272-1386. The examiner can normally be reached on Monday through Friday, 8:00 AM 
to 4:30 PM. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Mark Huff can be reached on (571) 272-1385. The fax phone number for 
the organization where this application or proceeding is assigned is 571-273-8300. 
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Information regarding the status of an application may be obtained from the 
Patent-Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated information 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 



John A: McPherson 
Primary Examiner 
Art Unit 1756 
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9/11/06 
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FULL CONTENTS 
[Claim(s)] 

[Claim 1] The manufacture method of the micro lens characterized by having the process 
which forms the proper silicate glass film (3) of thickness which added the impurity on a ground 
different-species film (2) with high softening temperature from the silicate glass film (3) 
concerned, and the process which performs a glass reflow on the silicate glass film (3) 
concerned. 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the manufacture method of a micro lens. 
[0002] 

[Description of the Prior Art] It is possible to semiconductor light devices, such as a solid state 
image pickup device, to prepare a micro lens, and various proposals are made about the 
manufacture method of such a micro lens in recent years. However, the method by which the 
conventional proposal is made had it being not only difficult to carry out concretely but a bad 
yield. 

[0003] For example, in JP,H3-169076,A (International Patent Classification H01L 27/14), by 
heat-treating a photoresist pattern at a predetermined temperature (100-150 degreeC / tens of 
minutes), it is made to flow and the micro lens is formed. 

[0004] However, since the lens itself is formed of photoresist by this method, ** ** with bad ** 
adhesive property with physical low hardness - ** which cannot be used in a light region since 
the photoresist generally used is colored (yellow or red) - if the advantage that it can 
comparatively form at low temperature is turned over There were problems, such as being 
then connected with the fault of heat-resistant badness (modification and discoloration) or 
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durable lowness. 

[0005] Moreover, in JP.H5-12864.B (International Patent Classification H01L 27/14, G02B 
6/42), the micro lens is formed by the following methods. First, the micro lens by photoresist is 
formed like said JP,H3-169076,A on acrylic resin (polyglycidylmethacrylate, 

polymethylmethacrylate, etc.). Then, the Lons form formed in photoresist is transferred to 

acrylic resin with etchback, and the micro lens by acrylic resin is76>mecT 

[0006] However, [ this method ] even if the dirty velocity of ** photoresist and acrylic resin with 

complicated ** manufacture process is the same There were problems, like the process control 

for transferring correctly the lens form formed in photoresist to acrylic resin is severe, and very 

difficult. 

[0007] 

[Problem to be solved by the invention] Are made in order that this invention may solve the 
above-mentioned problem, and [ the purpose ] excellent (specifically the ease of a 
manufacture process, high yield, low cost, etc.) in productivity - high performance (specifically, 
they are high transparency, a high heat-resisting property, endurance, etc. at the height of 
physical hardness, a good adhesive property, and colorlessness) - it is in offering the 
manufacture method of a micro lens. 
[0008] 

[Means for solving problem] This invention carries out having had the process which forms the 
proper silicate glass film of thickness which added the impurity on the ground different-species 
film whose softening temperature is higher than the silicate glass film concerned, and the 
process which performs a glass reflow on the silicate glass film concerned with the summary. 
[0009] 

[Function] If the silicate glass film which added the impurity performs a glass reflow after 
forming it on the ground different-species film whose softening temperature is higher than the 
silicate glass film concerned, it will soften and a flow of it will be attained. The silicate glass film 
which the width of the limits of a ground different-species film and a silicate glass film softened 
in the state where it hardly changes, with surface tension becomes an arc shaped cross 
section then. Thus, the formed arc shaped cross section silicate glass film has the condensing 
capability as a lens. 

[0010] Here, if only it chooses the impurity to add suitably, the character in which each of 
physical hardness, transparency, heat-resisting properties, and endurance is high, and an 
adhesive property is good and colorlessness can be given to the silicate glass film concerned. 
Therefore, this character is inherited by the micro lens formed with the silicate glass film 
concerned, and a highly efficient micro lens can be obtained. 

[0011] when [ moreover, ] having already established the formation technology and glass 
reflow technology of a silicate glass film which added the impurity - **** - the high yield and 
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low cost can be reconciled [ in / it is easy and easy and / manufacture of the micro lens 
concerned ]. 

[0012] Furthermore, the form of the micro lens concerned can be suitably chosen by adjusting 
the patterning form and thickness of the silicate glass film concerned. Moreover, when only 
thickness with a proper silicate glass film of the same quality of the material as the lower layer 
of the silicate glass film concerned is formed, [ the form of the micro lens concerned ] In 
addition to adjustment with the patterning form and thickness, it can choose suitably by 
adjusting the thickness of a lower layer silicate glass film. 

[0013] - - 

[Working example] The manufacture process of the micro lens of one example which 
materialized this invention is hereafter explained according to the sectional view shown in 
drawing 1 - draw]ng_4 . In addition, at this example, the case where the micro lens for 
condensing is formed is shown for every pixel of the typical solid state image pickup device of 
a semiconductor light device, and a hemispherical micro lens group is formed in it. 
[0014] Process 1 (refer to drawing 1 ); each element (illustration abbreviation) of a solid state 
image pickup device is formed on the silicon substrate 1 . And silicon oxide 2 is formed in the 
surface of the silicon substrate 1 so that the semiconductor device concerned may be covered. 
Here, what kind of thing is sufficient as the formation method of silicon oxide 2 (for example, 
thermal oxidation, a CVD method, PVD, etc.)? Then, only proper thickness (for example, 
800nm) forms the BPSG (Boro Phospho Silicate Glass) film 3 on silicon oxide 2. Here, what 
kind of thing is sufficient as the formation method of BPSG film 3 (for example, concomitant 
use with low pressure or an ordinary pressure CVD method, these CVD methods, and the 
plasma method, sputtering, and granulated glass method [Sedimentation method] etc.)? in 
addition, the presentation of BPSG film 3 - phosphorus concentration: - about 6 weight % and 
boron concentration: -- about 4-fold 1% and a grade are desirable practically. If it forms by this 
presentation, the softening temperature of BPSG film 3 will turn into a 900 degreeC grade so 
that a postscript may be carried out. If phosphorus concentration and boron concentration are 
made higher than this, the softening temperature of BPSG film 3 will fall. However, although 
based also on the formation method, when phosphorus concentration and boron concentration 
are made not much high, an unnecessary deposit will arise in BPSG film 3. 
[0015] Process 2 (refer to drawing 2 ); a portion to form the micro lens of the surface of BPSG 
film 3 in is masked by photoresist 4 using general photo lithography. 

[0016] Process 3 (refer to drawing 3 ); by using photoresist 4 as a mask, anisotropic etching of 
BPSG film 3 is carried out until the silicon oxide 2 of a ground is exposed. Here, you may 
perform anisotropic etching by what kind of method (for example, reactant ion etching, IOMMI 
Schiling, reactant IOMMI Schiling, etc.). 

[0017] Process 4 (refer to drawing 4 ); a glass reflow is performed to BPSG film 3 which 



http://dossierl .ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje?u=http%3A%2F%2Fdossierl .ipdl.... 9/1 1/06 



JP, 06-326285, A (1994) [FULL CONTENTS] 



Page 4 of 10 



carried out anisotropic etching, and it is softened. Here, glass reflow may be what kind of / 
conditions, if only BPSG film 3 becomes soft (in the case [ About 6 weight %, boron 
concentration: For example, presentation [phosphorus concentration illustrated in the process j 
1 : about 4 weight %] ] of BPSG film 3 of thickness [800nm] inside of the oxygen environment j 
of** and 900 degreeXHor 30minutes). Then,- cylindrical BPSG film 3 changes into 
hemispherical lens form with surface tension. " '"" ~~ ~ : 

[0018] Thus, in this example, after forming BPSG film 3 on silicon oxide 2 and patterning the 
BPSG film 3, a hemispherical micro lens group can be formed by performing a glass reflow. 
[0019] By the way, what is necessary is just to change the pattern width and thickness of 
BPSG film 3 suitably, in order to change the form of a micro lens and to obtain a desired focal 
distance. Thickness which drawing 5 (a) patterned: It is the graph in which the relation of the 
line and space (it is hereafter considered as US) and the reflow angle theta in 800nm BPSG 
film 3 is shown. If the thickness of BPSG film 3 is the same, the reflow angle theta becomes 
small, so that US is large. In addition, the relation between US and the reflow angle theta was ■ 
investigated here in order to make the section of BPSG film 3 easy to take (in hemispherical \ 
BPSG film 3, it is hard to take a section). — l 
[0020] If this is used, the form of a micro lens can be changed arbitrarily and a desired focal 
distance can be obtained. Drawing 6 - drawing 9 are the sectional views having shown it 
typically. The lens form acquired by performing a glass reflow to BPSG film 3 (thickness: T, 
L/S:r) patterned as shown in drawing 6 is shown in drawing 7 . The lens form acquired by 
performing a glass reflow to BPSG film 3 (thickness: T, L/S:R, however R>r) similarly patterned 
as shown in drawing 8 is shown in drawing 9 . If a glass reflow is performed to BPSG film 3 
formed on silicon oxide 2, the width (namely, width of the bottom of a pattern) of the limits of a 
portion where silicon oxide 2 and BPSG film 3 touch can form arc shaped cross section nearly 
perfect lens form, without hardly changing. Here, when thickness:T of BPSG film 3 is made the 
same and US is changed, as shown in drawing 7 and drawing 9 , the micro lens with which 
focal distances differ will be formed of the ratio (T/r, T/R) of thickness and US. That is, as 
shown in drawing 7 , when the ratio (T/r) of thickness and US is large, a thick lens is formed 
and a focal distance becomes short. On the other hand, as shown in drawing 9 , when the ratio 
(T/R) of thickness and US is small, a thin lens is formed and a focal distance becomes long. 
[0021] By the way, in the above-mentioned process 3, when it does not etch until the silicon 
oxide 2 of the ground was exposed, but carrying out anisotropic etching of BPSG film 3 and 
BPSG film 3 is made to remain, lens form may not be formed depending on the thickness and 
US of BPSG film 3 which were made to remain. 

[0022] Thickness which drawing 6 (b) patterned: In 800nm BPSG film 3, it is the graph in which 
200nm of BPSG films 3 are made to remain, and L/.S of a case and a relation with the reflow 
angle theta are shown. In this example, the reflow angle theta is fixed (30deg.) regardless of 
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US to some extent (1 .5 micrometers) at the above US. Drawing 10 - drawing 13 are the 
sectional views having shown the situation. When anisotropic etching of BPSG film 3 is carried 
out until silicon oxide 2 is exposed as shown in dr awin g 10 , as described above, lens form as 
shown in drawin g 12 is formed. On the other hand, when only thickness t makes BPSG film 3 
remain as shown in drawing 1 1 , as shown in drawing 13 , it unites with the line (pattern) which 
fluidizedBPSG film 3~adjoins, and becomes flat form and form with a weak wave, without 
becoming lens form. 

[0023] However, lens form can also be acquired by adjusting suitably the thickness t of BPSG 
film 3 made to remain. For example, patterned thickness: In 800nm BPSG film 3, lens form is 
acquired by considering it as t<=50nm of thickness. If this is reverse-used, as shown in 
drawing 14 , even when the ratio (T1 / r1) of the thickness of BPSG film 3 (thickness: T1 , 
L/S:r1) and US which were patterned is too large, suitable lens form can be acquired. That is, 
if it etches until the silicon oxide 2 of a ground is exposed when the ratio (T1 / r1) of thickness 
and US is too large, as shown in dr awing 15 , the overhang with which the reflow angle theta 
exceeds 90deg. will arise. By adjusting suitably the thickness t of BPSG film 3 made to remain 
at this time, as shown in drawing 16 , it unites with the line (pattern) which fluidized BPSG film 
3 adjoins, and an overhang is adjusted suitably, and as shown in drawing 17 , suitable lens 
form can be acquired. 

[0024] Thus, in each above-mentioned example, by performing a glass reflow to a BPSG film, 
a BPSG film is softened and a hemispherical micro lens can be formed with surface tension. It 
has the character in which each of physical hardness, transparency, heat-resisting properties, 
and endurance of a BPSG film is high, and an adhesive property is good and colorlessness. 
Therefore, this character is inherited by the micro lens formed with the BPSG film, and a highly 
efficient micro lens can be obtained, when [ moreover, ] having already established the 
formation technology and glass reflow technology of a BPSG film - **** - the high yield and 
low cost can be reconciled [ in / it is easy and easy and / manufacture of the micro lens 
Concerned ]. 

[0025] Incidentally, this invention is not limited to the above-mentioned example, but may be 
carried out as follows. 

1) Transpose the silicon oxide 2 of the ground of BPSG film 3 to other films (for example, a 
polysilicon film, a silicon nitriding film, an alumina film, a PSG [Phospho-Silicate Glass] film, 
etc.) whose softening temperature is higher than BPSG film 3. Also in this case, a micro lens 
can be formed by the same operation as the above. 

[0026] 2) Transpose BPSG film 3 to the silicate glass films (for example, a PSG film, a BSG 
[Boro Silicate Glass] film, an ASG [Alumino Silicate Glass] film, the other silicate glass films 
containing arsenic, etc.) which added other impurities. Also in this case, a micro lens can be 
formed by the same operation as the above. Moreover, the silicon oxide 2 of a ground can be 
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transposed to the film whose softening temperature is higher than the film replaced with the 
BPSG film 3. 

[0027] 3) It forms a proper-shaped (the shape of for example, boiled fish paste located in a line 
in the shape of ****) micro lens rather than forming a hemispherical micro lens with BPSG film 
3. 

[0028] 

[Effect of the Invention] As explained in full detail above, according to this invention, it excels in 
productivity. (- concrete - the ease of a manufacture process, the high yield, low cost, etc. --) 
- high performance (specifically, they are high transparency, a high heat-resisting property, 
endurance, etc. at the height of physical hardness, a good adhesive property, and 
colorlessness) - there is an outstanding effect that a micro lens can be manufactured. 



[Brief Description of the Drawings] 

[D rawin g 1] It is the sectional view showing the manufacture process of the micro lens of one 
example which materialized this invention. 

[Drawing 2] It is the sectional view showing the manufacture process of the micro lens of one 
example which materialized this invention. 

[Drawing 3] It is the sectional view showing the manufacture process of the micro lens of one 
example which materialized this invention. 

[ Drawing 4] It is the sectional view showing the manufacture process of the micro lens of one 
example which materialized this invention. 

[D rawing 5] It is the graph in which the relation of the line and space (US) and the reflow angle 
theta in the patterned BPSG film is shown. 

[Drawing 6] It is a sectional view for explaining another example which materialized this 
invention. 

[Drawing 7] It is a sectional view for explaining another example which materialized this 
invention. 

[ Drawing 8] It is a sectional view for explaining another example which materialized this 
invention. 

[Drawing 9] It is a sectional view for explaining another example which materialized this 
invention. 

[Drawing 10] It is a sectional view for explaining another example which materialized this 
invention. 

[Drawing 1 1] It is a sectional view for explaining another example which materialized this 
invention. 



http://dossier 1 .ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje?u=http%3 A%2F%2Fdossierl .ipdl.... 9/1 1/06 



JP, 06-326285, A (1994) [FULL CONTENTS] Page 7 of 10 

[ Drawing 12 ] It is a sectional view for explaining another example which materialized this 
invention. 

[ Drawing 13] It is a sectional view for explaining another example which materialized this 
invention. 

[Drawing 14] It is a sectional view for explaining another example which materialized this 
invention. ~ " ~ ~ 

[ Drawing 15 ] It is a sectional view for explaining another example which materialized this 
invention. 

[Drawing 16] It is a sectional view for explaining another example which materialized this 
invention. 

[Drawing 17] It is a sectional view for explaining another example which materialized this 
invention. 

[Explanations of letters or numerals] 

2 Silicon Oxide as a Ground Different-Species Film 

3 BPSG Film as a Silicate Glass Film Which Added Impurity 
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[ Drawing 4] 
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[Drawing 15] 
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[Translation done.] 
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